The surface material at the Surveyor 5 site is granular and slightly cohesive. Spacecraft footpads plowed trenches in this material as the spacecraft slid during landing. For a compressible soil model, a static bearing capacity of 2.7 newtons/cm •' gave best agreement with the observations. Static firing of the vernier engines against the surface moved surface particles; a crater 20 cm in diameter and about 1 cm deep was produced, apparently at engine shutdown. The permeability of the soil to gases, to a depth of about 25 cm, is 1 X 10 -s cm .ø, 
An evaluation of the data indicates that, at an altitude of 4.8 _ 0.7 meters, all three vernier engines were cut off, resulting in a free-fall period, during which the spacecraft vertical velocity increased to 4.2 __+ 0.4 m/sec at the time leg 1, the first to contact, encountered the lunar surface. After leg 1 contact a sudden pitch motion, away from leg l, occurred with a velocity in excess of 13 deg/sec. Legs 2 and 3 contacted the ground almost simultaneously: leg 2 190 msec, and leg 3 197 msec after leg 1 impact. A period of spacecraft slide lasting approximately 1.7 sec followed, during which the spacecraft rolled approximately +5.9 ø counterclockwise, as seen from above. Christensen et al. [1967b] give further details of the landing and of the observations and analyses outlined below. The movement of footpad 3 also caused some trenching during the landing and subsequent sliding motion. The visibility of this area to the television camera is p.artially obscured, but it appears that footpad 3 moved approximately the same distance as footpad 2. Like footpad 2, it tipped downward during the trenching, and lunar material was deposited on top of both footpads as they plowed the surface (Figures  2 and 3) . No visible soil was deposited on the footpad tops of Surveyors 1 or 3 during landing. Surveyor 5 footpads 2 and 3 are tilted .approximately 16 ø relative to the plane of the three footpads.
The crushable blocks contacted the lunar surface during the landing. Figure 4a is a narrow-angle view of crushable block 3 in which a small rock or clod appears to be wedged between the block and its thermal shield. In a picture taken later, at a low sun angle, this fragment is no longer visible, but a deposit of The appearance of the lunar surface material at the Surveyor 5 landing site is similar to that in the vicinity of the Surveyor 1 and 3 landing sites [Christensen et al., 1967a [Christensen et al., , 1968 . The soil is granular, slightly cohesive, and generally finegrained. Some lighter-appearing fragments are seen and presumably are rocks. Darker-appearing fragments are presumed to be soil aggregates, some of natural origin and others produced by the spacecraft landing. The material ejected from the surface by the Surveyor 5 footpads exhibits less brightness contrast with the undisturbed surface than did the soil ejected by Surveyors 1 and 3.
Dynamic simulations o/ landing. Computer simulation studies of landings, using several analytical soil models, are being performed to estimate the mechanical properties of a surface material that will display penetrations and shock-absorber axial loads similar to those obtained during the Surveyor 5 landings. The best correlation obtained to date is shown in Figure  5 , which compares the shock-absorber force histories for a simulated landing on a lunar surface with a 2.7-newtons/cm 2 static bearing strength, with the histories from Surveyor 5. The penetrations by footpads 1, 2, and 3 obtained in this simulation are 6, 12, and 12 cm, Simulations of the earlier missions, using the same compressible soil model, showed good correlation with landing data for static bearing pressures of 3.4 newtons/cm •, rather than the 2.7 newtons/cm •, which best matches Surveyor 5 data. However, the downslope landing of Surveyor 5 produced a horizontal loading on the soil with a possible deformational mode that would result in greater footpad penetration.
These preliminary results suggest that the lunar surface material at the Surveyor 5 landing site is somewhat weaker than the material at the previous landing sites, or that its resistance is less because of the sloping surface on which the landing took place. None of the fragments that moved can be positively identified in both the pre-and the post-firing mosaics. In some cases, this could be due to movement of particles into the area from locations not in the pre-firing mos_aic, or, in other cases, particles shown in the pre-firing mosaic could have moved out of the area during the firing. It is also possible that some of the fragments appear, but, because of the movement and their irregular shape, they present different distinguishing features to the camera, or broke apart, and therefore cannot be identified as the same fragment. In Figure 15a (pre-firing) , the image of the sensor head circular plate is clearly reflected by the gold-plated front of face I). After the firing (Figure 15b (Figures 15b and 12b) .
Footpad 3 area. A fragment-by-fragment study of the footpad 3 area was made by comparing individual pre-and post-firing pictures using a blink technique. None of the numerous soil fragments outboard of footpad 3 were found to be displaced by the firing. This area is, however, at least partly shielded from the direct blast of vernier engine 3 by footpad 3 and its leg. The soil to the right of the footpad is not shielded from vernier engine 3, and many of the fragments here were swept away by the firing. The area is 120 to 130 cm from the engine center line; the largest fragment displaced was 2.0 cm in diameter.
Footpad 2 area. In the footpad 2 area, fragments that can be seen to have moved are entirely limited to the lower-left quarter of Figure 16 . Though only a relatively few fragments of 1-cm diameter or larger have been displaced, the fine soil between the larger fragments in the area to the left of footpad 2 was disturbed by the firing. Soil was blown off the magnet bracket and control bar on the left of the footpad. 
LUNAR SOIL EROSION TEST--SI1VIULATIONS AND ANALYSIS
For vernier engine 3 static firing, Table 1 gives the engine parameters, the position of the ET AL. 3. Diffused gas eruption [Dodge, 1966; Scott and Ko, 1968] : movement of the soil caused by the upward flow of gas through the pores of the soil during and after the firing.
These three types will be considered separately.
Bearing load cratering. The bearing pressure produced on the lunar surface by engine exhaust was less than 0.3 newton/cm 2 ( Figure  18) ; bearing load cratering, therefore, is considered unlikely, and no evidence of such cratering was observed. (Alexander et al. [1966] call this type of erosion 'explosive cratering.') Viscous erosion. When a soil is subjected to rocket engine exhaust, the gas that flows radially along the surface may dislodge soil par- Thus, viscous erosion was not a major factor in forming the crater. It probably was the mechanism that moved soil fragments across the surface from positions outside the crater.
Diffused gas eruption. I)uring a firing, exhaust gases flow into and through the porous soil, exiting upward at some radial distance and possibly lifting soil from the surface. For soil displacement to occur during this period, the engine must be fired for a time sufficient to achieve a significant upward flow of gases at a distance from the central higher-pressure region. If a crater formed during this period of firing, it would have the shape of half a toroid.
On sudden removal of the surface pressure at engine shutdown, some of the gas diffused into the soil during firing will flow to the surface and may produce an eruption. Such a disturbance would occur in the high-pressure region directly under the engine.
The conditions used in the Surveyor 5 static lunar firing test were chosen to emphasize diffused gas erosion at shutdown as the major erosion mechanism. Because the lunar surface loadings developed by exhaust gases from the LM descent engine during landing and by a Surveyor vernier engine firing at low thrust on the moon are similar, it was possible to simulate, Capability of lunar material to adhere to a smooth vertical surface is indicated by the change of reflectivity of the a-scattering sensor head as a result of the vernier engine firing.
Vernier engine firing did not cause any degradation in the functional capability of the spacecraft.
